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Introduction
Water is an essential resource used for both domestic and industrial purposes. Water is treated to remove specific contaminants to make it wholesome for the intended use. However, access to quality water in adequate quantities is a challenge for most countries around the globe. A Statement issued by Brown [1] on World Water Day and White House Water Summit attests that no matter where you live, access to water is not guaranteed. Ghizellaoui, et al. [2] concluded that, in view of the importance of treated water and the limited capacity for its treatment and production, there is the need to manage it judiciously to avoid wastage and pollution. The commercial vehicle washing industry is one of the industries that requires large quantities of quality water for their operations [3] . In this business, water is required for cleaning the interior and exterior of motor vehicles, and other accessories. The quantity of water used is dependent to a large extent on the technology used for washing.
The establishment of vehicle washing bays has gained popularity in Ghana, especially in the Capital Cities where there is high concentration of vehicles. Janik and Kupiec [4] reports that commercial vehicle washing facilities employing mechanical devices have become very common and are located at designated areas in urban areas. The activities of the vehicle washing bays involves the use of chemicals, generating wastewater with a high concentration of surfactants, oils, greases, waxes and other contaminants, which make these effluents toxic to aquatic life. The large volume of wastewater generated ultimately flows into our water bodies thereby polluting them [5, 6] . The use of detergents in vehicle washing activities have been blamed for the widespread phosphate contamination in the streams in Kumasi [7] . According to California Environmental Protection Agency [8] , pollution of water bodies by untreated vehicle wash is a prominent and serious environmental hazard. In Ghana, the Environmental Protection Agency ACT of 1994 (ACT 490) prescribes standards and guidelines relating to safeguarding environmental pollution including the discharge of wastes and control of toxic substances. Unfortunately, Abraham [9] emphasized that most vehicle washing bays are violating the Environmental Protection Agency ACT by discharging untreated wastewater directly into streams and rivers.
Most vehicle washing bays operating in the Cape Coast Metropolis relies on Ghana Water Company Limited (GWCL) for water supply. This means that there is intense pressure on Managers of GWCL to meet the domestic and industrial water needs of the people whiles keeping the water tariffs within reasonable range. According to Appiah-Kubi [10] , Ghana Water Company Limited (GWCL) will soon close down most of the vehicle washing bays in the country after official approval by the Metropolitan Authority's and the Environmental Protection Agency to conserve treated water. With increasing vehicular numbers in Ghana, the pressure on the limited safe water quantities is likely to increase. Tetteh-Addison [11] posits that, vehicle-population ratio in Ghana has grown from 31 vehicles per 1,000 population in 2002, to about 44 vehicles per 1,000 population in 2008. As at March 2012, the total number of registered vehicles in Ghana stood at approximately 1,425,900.
The high water demand by vehicle washing bays and the consequent environmental impact associated with the discharge of untreated wastewater from vehicle washing operations has pushed many countries in the world to regulate the activities of the vehicle washing bays. Even though various countries have different approach for regulating the activities of the vehicle bays, the approaches vary between certification programs, water saving rebates and regulations. These policies are conducted by water operators, water agencies, municipalities and vehicle wash associations. In addition to restrictive legislation, rising water tariffs are pushing the vehicle washing bay operations to invest in process-integrated solutions [12, 13] . It is perceived that inefficient washing method leads to more water per wash and consequently more wastewater generated in the developing world.
This study is aimed at assess the water-use and conservation strategies in the commercial vehicle washing industry in the Cape Coast Metropolis. The study focused on the specific objectives of (1) determining the existing facilities in use at various vehicle washing bays, (2) determining the sources and average quantity of water used by vehicle washing bays, and (3) assessing the water conservation strategies put in place by the washing bay operators.
Methodology

Study Area
The Cape Coast Metropolis of Ghana is bounded to the South by the Gulf of Guinea, West by the Komenda-Edina-Eguafo-Abrem Metropolis, East by the Abura-Asebu-Kwamankese District and North by the Twifu-Hemang-Lower Denkyira District. The Metropolis occupies an Area of approximately 122 square kilometres, with the farthest point at Brabadze, about 17 kilometres from Cape Coast. The Capital of the Metropolis, Cape Coast, is also the Capital of the Central Region. The Metropolis is divided into two Sub-Metros: Cape Coast South and Cape Coast North Sub-Metros. The Cape Coast Metropolis with a population of 169,894 according to 2010 census [14] receives it water supply mainly from Ghana Water Company Limited (GWCL) through household connections and stand pipes (private and public). The production of water (from surface water impoundment) by GWCL is carried out at the Brimsu treatment plant for distribution to the metropolis. There are sixteen (16) (9 bays in Cape Coast South and 7 bays in Cape Coast North) vehicle washing bays in the Cape Coast metropolis which are registered with and certified by the Metropolitan Assembly and are members of the Vehicle Washing Bay Operators Association, Cape Coast Branch. In addition, there are other individuals who have neither registered with the Metropolitan Assembly nor the Vehicle Washing Bay Operators Association but engage in illegal vehicle washing along river banks and marshy areas. Cape Coast was selected for the study because it is the first Capital of Ghana and the fifth largest city in Ghana and so provides an opportunity for the study.
Population
The study was restricted to vehicle washing bays in the Cape Coast Metropolis who have registered with and certified by the Metropolitan Assembly and are members of the Vehicle Washing Bay Operators Association, Cape Coast Branch. All the 16 vehicle washing bays in the metropolis were selected for this study. For each of the Washing Bays, both the General Managers and Operation Managers/Supervisors took part in the study. Both the general managers and operation managers/supervisors were selected as respondents for the study because the General Managers own the businesses and provides all resources needed for the business whiles the Operation Managers see to the day-to-day running of the washing bays.
Research Approach
Both census and purposive sampling techniques were used in this study. Census technique was used to select the entire population of registered vehicle washing bays for the study. Gay and Mills [15] have stated that, data collected through census technique gives opportunity to the researcher to have an intensive study and gather a lot of knowledge about a problem. It also offers a higher degree of accuracy in data collected especially when the population is small (less than 100). Purposive sampling technique was then used to select the general managers and operation Managers from each of the vehicle washing bays. A total of Thirty-two (32) respondents made up of General Managers and Operation Managers of all the 16 washing bays were selected. In addition to the vehicle washing bay operators, officials of Cape Coast Metropolitan Assembly (CCMA) and Central Regional office of Environmental Protection Agency (EPA) participated in the research.
Research Instruments
Data for the research was gathered through questionnaire administration, interviews and personal observation. The questionnaires and interview guide were pre-tested through preliminary interviews and questionnaire administration. The comments received during the pretesting were used to finalize the questionnaire and interview guide.
The questionnaire focused on existing vehicle washing bay facilities water demand for vehicle washing and water conservation or reclamation approaches employed. The questionnaire was made of both open-ended and closed-ended questions which were self-administered except in the instance where the respondents could read and understand the questions properly. The choice of personal administration of the questionnaires was to ensure maximum response rate. The used of the questionnaires allowed both subjective and objective views of respondents to be sourced.
An unstructured interview was conducted using the pretested interview guide. This technique was used on the officials of CCMA and EPA to ascertain the institutional arrangements for regulating the operations of vehicle washing bays.
To obtain an estimate of the actual number of vehicles washed and the quantity of water used, trained Research Assistants were placed at each of the vehicle washing bays for one week including Saturdays and Sundays. The operation modes followed by these facilities may be grouped in two main categories, according to the way water is provided: 1) Use of buckets to throw water to the cars ("bucket-fulls"). The number of containers used during the process was counted and multiplied by the average volume of a bucket. 2) Use of hose or pressure gun connected to the water supply system or to a water pump. The water used per vehicle washed was estimated by means of measuring the flow rate supplied by the washing system (hoses and/or pressure guns) and recording the time of operation. At the start and close of daily operations, the observers also recorded the water meter readings. These were used to confirm the average quantity of water used per day.
Methodology
The first research question seeks to evaluate the existing facilities in use at various vehicle washing bays. Table 1 presents the results of method of vehicle washing and the common technology in use. The results revealed that, majority of respondents (29), representing 90.6% use manual vehicle wash techniques. According to Indian National Environment Commission [16] , manual vehicle washing is where vehicles are washed using bucket, air compressor, water pressure pump and specific pipes that can deliver a required amount of water pressure for effective washing. The vehicle is mounted over a ramp linked to drain to convey wastewater (usually containing soap and detergents, residues from exhaust fumes and engine oils) from the premises. The remaining 3 respondents (representing 9.4%) affirmed using semiautomatic vehicle wash technique. This technique, according to literature, is where the vehicle is elevated by driving onto a ramp through hydraulic lift for washing [16] . Brown [17] mentions hydraulic boost or lift, air compressor, machine for servicing and water pump as some of the common equipment used in semiautomated facilities. Just like the manual vehicle washing, semi-automated washing techniques also requires utilization of manpower for the application of detergent and rinsing of vehicles [4] . The results that there is longer washing time, limited number of vehicles washed per day, possibility of excessive water and detergent use and the discharge of excessive quantity of wastewater (containing soap, sand particles, residues from exhaust fumes and engine oils, etc.) into public drains or surface waters with/without any treatment. Janik and Kupiec [4] have stated that, there are several international best practices and benchmarks for vehicle washing bay operation. They cite an example of the availability of mechanical devices which ensures that 75 litres of water is used to wash a vehicle. Indian National Environment Commission [16] supports the use of automated vehicle wash facility which is able to regulate the quantity of water and ingredient use, where less workforce is involved. The facility also allow the vehicle to be dragged into a tunnel and as it passes through the washing area, cleaning, rinsing, waxing, drying and etc., are done automatically. Approximately, 6-7minutes are spent in washing each vehicle thereby increasing the number of vehicles washed per day. It could be inferred that the various vehicle washing bays in the Cape Coast Metropolis are not using advanced facilities and techniques that are able to regulate the quantity of water and ingredient use.
Method of Vehicle Washing
Number and Types of Vehicle Wash per Day
The study revealed that the average number of vehicles washed per day varied with season, weather conditions, constant supply of water, uninterrupted power supply, etc. During the days when conditions are favourable, an average of 248 vehicles is washed daily in the metropolis. When conditions are unfavourable, an average of 96 vehicles is washed daily. Fig. 1 shows the types and number of vehicles washed in a day. Majority of the vehicles washed are saloon cars.
Fig. 1: Types of Vehicle Which Normally Comes For Washing in Good Business Day
Sources of Water for Vehicle Operations
Until recently, most of the carwash operators obtained their source of water from public water supply [18] . The sources of water for carwash operations in the Cape Coast metropolis are GWCL, boreholes/hand-dug wells, tanker water operators and streams/rivers. GWCL is the main source of water supply, however, high water tariffs and unreliable supply have compelled some operators to drill boreholes or hand-dug wells and patronize the services of tanker water operators to augment the supply from GWCL. Figure 2 shows the sources of water used by carwash operators in Cape Coast.
Fig. 2: Sources of Water Supply for Vehicle Washing Bay Operations
From the results shown in Fig. 2 , it is clear that all the washing bays depend in part or full on GWCL for their water supply and any interruption in the supply deeply affects their operations. About 56% of the vehicle washing bays operating in the Cape Coast Metropolis depend exclusively on GWCL for water supply while the remaining 44% of vehicle washing bays supplement their supply with wells/boreholes or 
Good Day
Bad Day tanker water. It has been established that the water tanker operators source their water from GWCL [19, 20] . With Cape Coast Metropolis along the coast, most of the groundwater is saline, which are likely to have a negative effect on the vehicles washed. The quality of the water used for vehicle washing is as important as the quantity of the water. None of the washing bays depended on rivers or streams for their water. Fig. 3 shows the quantity of water required to completely wash a vehicle.
Average Quantity of Water Used by Vehicle Washing Bays
Fig. 3: Quantity of water required for vehicle washing per day
On the average, the quantity of water required for washing vehicles ranges between 162 litres for saloontype and 243 litres for big buses. Vehicles that require the highest amount of water are the tipper trucks. These vehicles require about 532 litres of water for washing. These findings are not out of range since Panizza and Cerisola [21] reports that in Italy an average of 400 litres of water is used to wash a car by hand using a hose and 150 litres per cars using conventional installations. A study conducted by Brown [17] established that water consumption per vehicle by professional vehicle wash ranged from 95.4 litres on a basic wash for a small vehicle to 192.6 litres for the works on a full size vehicle. It has been reported by Karakulski and Morawski [22] that, depending on the type of car wash installation and the size of a car, an average of 150-600 litres of water is used for washing a car. In Taiwan, 60 -120 litres of water is consumed for car washing [23] . The quantity of water required for washing a vehicle recorded in the Cape Coast metropolis is more than double the reported average daily per capita water consumption for developing countries in Africa [24, 25] . This implies that, as the economy grows vehicle washing operations are going to compete with domestic activities for water unless measures are put in place to reduce the water washed per washing and/or require vehicle washing bays to reclaim a percentage of their wastewater.
Total Volume of Water Utilize Per Day by Vehicle Washing Industry
In determining the average daily volume of water used by vehicle washing industry, the average quantity of water used to wash individual categories of vehicles (Fig. 3 ) and the number of vehicles washed daily (Fig.  2 ) are used. The average volume of water used daily for vehicle washing in the Cape Coast metropolis was computed using the formula below and shown in Table 2 [25] . For water users with household connection Abraham, et al. [26] and Lamptey [27] estimated a water consumption in a range of 60 to 120lpcd in Accra. A feasibility study conducted by Mott Mac Donald and Tremolet Consulting [24] puts the standard water consumption for household connection at 60lpcd for Ghana. Using the standard 60lpcd water consumption, the daily total volume of water used for vehicle washing will be able to serve 322 -850 people with household connection daily. The number of people could be more if they fetch water from a yard connection and public standpipe.
Water Conservation in the Commercial Vehicle Washing Industry
In Ghana, there are no water efficiency regulations in place for the vehicle washing industry. The only environmental requirement enforced by law is the prescribe standards and guidelines relating to the discharge of untreated wastes and control of toxic substances into drains under the Environmental Protection Agency Act (Act 490). EPA is only able to enforce Act 490 when the washing bay is attached to a fuel station. Abraham [9] reports of a serious violation of the EPA Act (Act 490) by the vehicle washing bays. The general observations made at various washing bays in the Cape Coast metropolis revealed that wastewater from washing operations is discharged directly into drains which eventually end up into the rivers and streams untreated. Since there is no law enjoining washing bay operators to conserve or reclaim their wastewater, the operators of these businesses are not motivated to employ water conservation strategies. Zaneti, et al. [18] have stated that in the developed world, there are institutional arrangements for certification and water rebate programs in countries such as USA and Canada, where vehicle wash operators are made to comply with conservation techniques (water saving equipment, spray nozzle replacement, prompt repair of leaks, water reclamation) and receive rebates of up to 50%. Other advantages of these incentives are technical support, protection from shutdown during advanced droughts and signs identifying the vehicle wash operator as a recognized water saving partner.
In Queensland, Australia, it is mandatory to use at most 70 litres of fresh water in a single car wash [28] [29] [30] [31] .
Compliance with this water efficiency guideline is demonstrated by the operator keeping a weekly written record of the number of vehicles washed and the amount of water used. Some of the sanctions include the closure of the business. In Germany, state policy instruments exists that support the operations of the vehicle washing bay [32] . In Europe, some countries (Netherlands and the Scandinavian countries) restrict the water consumption to 60 -70 litres per car and/or impose reclamation percentage (70 -80%) [30] . Also in Belgium, a recycling percentage of 70% is needed to obtain an environmental license and this has led to nearly 15% of the Belgian carwashes already purifying and re-using 55% of their wastewater [30] .
Research Findings
The research is aimed at assessing the water use and conservation by the commercial vehicle washing industry in the Cape Coast metropolis of Ghana.
Commercial vehicle washing industry in the Cape Coast metropolis uses high pressure washing machine and bucket. The vehicles are mounted on ramps connected to public drains or wetlands. The method is purely manual leading to several disturbing issues such as long washing time, limited number of vehicles washed per day, excessive water and detergent use and the discharge of excessive quantity of wastewater (containing soap, sand particles, residues from exhaust fumes and engine oils, etc.).
On the average, a minimum of 96 vehicles are washed daily in the metropolis with majority of them being saloon cars. An average 162 -532 litres of water is used to wash a single vehicle utilizing an estimated 19,346.00 litres (minimum) of treated water. Over 70% of the water used for washing vehicles are sourced from Ghana Water Company Limited (GWCL). The volume of water used by the commercial vehicle washing industry is very high creating competition with critical sectors of the economy such as health facilities, households, institutions etc. There is therefore the need to regulate the water usage by this equally important industry.
Currently, there are no water efficiency regulations in place for the commercial vehicle washing industry. In addition, the enforcement of the Environmental Protection Agency Act (Act 490) by the EPA is limited only to commercial vehicle washing bays attached to fuel stations. The lack of water efficiency and conservation regulations serves as a disincentive for owners of commercial vehicle washing bays to conserve water and/or reclaim their wastewater.
